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Objective To investigate associations between angiotensin-converting enzyme (ACE) polymorphisms and muscle 
fatigability in 65-year-old Koreans. 

Method The study participants were 49 Koreans aged 65 years. ACE insertion/deletion (I/D) polymorphisms 
were determined by polymerase chain reaction and serum ACE activity, by spectrophotometry. Body mass 
index (BMI), body fat mass (BFM), and lean body mass (LBM) were determined. To evaluate muscle fatigability, 
dynamic Electromyography was used to measure maximum voluntary isometric contractions (MVICs) of ankle 
plantar flexor muscles. Patients were seated with their hips flexed at 90°, knees fully extended, and anldes at 0°. 
Continuous submaximal VICs (40% MVIC) were then performed, and contraction duration and EMG frequency 
changes during the initial 2 min were measured. A self-reported physical activity questionnaire was used to 
evaluate effects of ACE activity levels on muscle fatigability. 

Results Among the 49 volunteers, 15 showed II genotype; 22, ID genotype; and 12, DD genotype. Serum 
ACE activity levels were significantly higher in DD genotype subjects than in II genotype subjects (p<0.05). 
Furthermore, the duration of submaximal isometric contractions was longer in II and ID genotype subjects 
than in DD genotype subjects (p<0.05). Dynamic EMG showed significantly lower mean frequency changes in II 
genotype subjects than in DD genotype subjects (p<0.05). However, LBM, BFM, and BMI were independent of 
ACE genotypes. 

Conclusion ACE II genotype subjects showed significantly higher resistant to muscle fatigue than that by DD 
genotype subjects. However, body composition and BMI showed no correlations with ACE I/D polymorphisms. 
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INTRODUCTION 

Because many of our daily living activities are multi- 
joint movements produced by specific muscle actions, 
therefore, the maintenance of muscular function is im- 
portant in the elderly to carry out daily tasks, such as 
walking, rising from a chair, climbing stairs, or balance 
and functional independence. 

Among many factors affecting muscular function, previ- 
ous studies have highlighted the role of the angiotensin- 
converting enzyme (ACE) genotype to make a prediction 
of sports performance, 1 and contributes to the develop- 
ment of an elite endurance athlete. 2 

The polymorphism of the human ACE gene is based on 
the presence (insertion, I) or absence (deletion, D) of a 
287-base pair sequence in the intron 16 on chromosome 
17. 

Three genotypes exist: II, ID and DD; with each having 
different characteristics. 

It was postulated that the two functional alleles of the 
human ACE gene differ in their effects on athletic ability, 3 
with the I allele favoring endurance-demanding events, 
and the D allele promoting power events. 4 

This genetic variation and its effect on ACE activity 5 may 
account for some of the individual differences in both 
skeletal muscle and function, which are the well-known 
determinants of muscular strength and endurance. 4 

ACE D allele is associated with the higher systemic and 
tissue ACE activities and the production of angiotensin 
II. 6 

High activities of ACE in the DD genotype increase the 
vessel wall thickness and cause thrombosis, higher blood 
pressure, and hypertrophy of cardiac smooth muscle. 7 

Due to this mechanism, the DD genotype group has 
been found as possible risk factors for degenerative and 
cardiovascular diseases. 8 

Angiotensin II functions as an atrophic factor to skeletal 
muscle by decreased capillary perfusion, 5 and contribu- 
tion to the catabolism of skeletal muscle protein, espe- 
cially in fast-twitch muscle fiber. 9 

In addition, there is the research that the frequency of 
II allele is positively correlated with the quantity of fat 
within the thigh, and the body mass index, as well as the 
exercise endurance. 5 

However, these studies have limitations, such as sub- 
jects were restricted to a specific population of young 



elite athletes, and statistical significance was assessed 
based on distribution of genotypes, rather than the quan- 
titative analysis. Furthermore, the maintenance and im- 
provement of muscle function would be critically impor- 
tant to athletic success in competitive sports, as well as to 
slow the progression of sarcopenia in the elderly. 

Sarcopenia, refers to the age-related decline in muscle 
mass and function, 10 and is reflected in increased mortal- 
ity because it is related to the functional disabilities and 
risk of falling, which is taken with the diabetes, obesity, 
high blood pressure, and chronic degenerative diseases, 
like the metabolic syndrome in the elderly. 11 

The mechanism of sarcopenia is thought to involve the 
growth hormone/insulin-like growth factor-I (GH/IGF- 
I) axis, which is affected by angiotensin II, 5 which is the 
physiologically active form of the hormone. 

The age-dependent increase of angiotensin II levels can 
contribute to the development of sarcopenia, both by ac- 
celerating the protein degradation through the ubiquitin- 
proteasome proteolytic pathway and by depressing the 
protein synthesis through inhibition of GH/IGF-1 in skel- 
etal muscle. 9 

Because the level of ACE activity is varied with ACE 
gene polymorphism 6 and plays a critical role in the con- 
version of the inactive angiotensin I to angiotensin II, 
recent evidence suggests that angiotensin converting en- 
zyme inhibitors (ACEIs), which lessen angiotensin II, has 
an effect on the improvement of physical performance, 
and it inhibits the age related decline of muscle strength 
by increasing the insulin resistance and raising skeletal 
muscle glucose uptake. 

If chronically lower ACE activity persists, caused 
by ACEIs, it prevents a decline of age-related muscle 
strength. ACE II genotype, potentially has lower ACE ac- 
tivity, which might affect change of age-related muscle 
function. 12 So, the aim of this study was to investigate the 
difference of ACE activity level, according to the ACE gen- 
otypes, and the association between the ACE activity and 
muscular function of people aged 65, which puts forward 
the hypothesis that muscular function in the elderly, in 
connection with sarcopenia, is related to the ACE gene 
polymorphism. 

Grip strength was used as an indicator of muscle 
strength, and as an indicator of the muscle endurance, 
in addition, muscle fatigue was objectively and directly 
quantified using a dynamic electromyogram. 13 
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This study may eventually be significant as basic data to 
manage age-related loss of muscle function in connec- 
tion with gradually aged society. 

MATERIALS AND METHODS 

Subjects 

As subjects of this study, 65-year-old people, were able 
to do their daily activities independently, they were re- 
cruited by the health care program of the public health 
center from June 2010th to January 2011th. 

None of the participants had a history of taking drugs, 
especially anti-hypertensive medication, anti-inflamma- 
tory, or statins. All subjects were free of signs or symp- 
toms of any overt chronic diseases. 

Individuals with a history of central nervous system 
disease (stroke, Parkinson's disease, dementia, spinal 
cord injury and etc.), peripheral nervous system disease 
(peripheral neuropathy and neuromuscular disease), di- 
abetes, hyperlipidemia or cardiopulmonary disease were 
excluded from participation. 

Considering the sex ratio, we identified 55 subjects. 
However, only 49 subjects were remained as the final 
study group, because 5 subjects refused genetic testing 
and 1 subject developed adverse events (backache). 

All volunteers were informed of the risks and benefits 
of their participation in the study, and then they were in- 
structed to sign a consent form. This study was approved 
by the institutional review board. 

Method 

ACE genotyping and plasma ACE activity measure- 
ment: Peripheral venous blood samples (5 ml) were 
drawn from the cubital vein and moved to a blood- 
collecting tube containing EDTA, an anticoagulant, and 
stored in the refrigerator until genetic analysis was per- 
formed. 

Genomic DNA was extracted from leukocytes obtained 
from peripheral blood using an Accuprep Genomic DNA 
Extraction kit (Bioneer Corp., Seoul, Korea). The extract- 
ed DNA was quantified and qualified. PCR (polymerase 
chain reaction) was carried out to determine the geno- 
types of ACE I/D, using specific primers. 

After the final products of amplified PCR fragments 
were electrophoresed, 14 the stained gel was visualized 
under UV light. 




Fig. 1. Detection of I/D polymorphism of the angioten- 
sin-converting enzyme gene in 2% agarose gel electro- 
phoresis (M-size marker, II type: 29, 36, 38/ID type: 26, 
28, 30, 32, 33, 35, 37/DD type: 23, 24, 34). 



Groups were classified, using UV, into three categories 
based on the number and size of the band: type II 490 bp, 
type DD 190 bp, type ID 490 and 190 bp (Fig. 1). The level 
of ACE activity in the serum was measured in duplicate, 
by colorimetric method, using an automated spectro- 
photometer, based on the quinineimine dye produced 
from the substrate of p-hydroxyhippuryl-L-histidyl-L- 
leucine. 15 

Body composition measurement: The height of the 
participants of this study was measured using a Wall- 
mounted standiometer (Holtain Ltd., Crymych, UK), and 
the body weight, body fat percent and muscle mass were 
measured using IN-BODY 3.0 (Biospace, Seoul, Korea). 

BMI (body mass index) was calculated, defined as the 
weight in kilograms divided by the square of height in 
meters (kg/m 2 ). 

Grip strength: In the literatures, grip strength might 
have used an adequate measurement, indicative for the 
generalized muscle strength 16 because the grip strength 
is also associated with the arm, back, and leg strength in 
the elderly. 17 

In the present study, the grip strength was measured 
using a handgrip dynamometer (TAKEI Inc., Tokyo, Ja- 
pan) to characterize the muscle strength indirectly. 

We instructed that the participant to be in a standing 
position, arms abducted to 10° at their side, not touching 
their body, while the forearm and wrist in a neutral posi- 
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tion. Then we asked the participant to squeeze the dyna- 
mometer, with as much force as possible. 

The best of the three grip measurements was taken as 
the value of maximal muscle strength. 

Muscle fatigue measurement: Muscular endurance is 
defined as the capacity of muscle groups to sustain the 
contractions until fatigue. 18 Thus, after we had set the in- 
dividualized target RMS level, the muscle endurance was 
assessed, both by the quantification of fatigue, using a 
dynamic EMG and by endurance time while sustaining a 
submaximal contraction of that level. 

We have adopted the test protocol (Fig. 2-A), which was 
modified from that of Nordez (2009). 19 Prior to the test, 
the room temperature was maintained at 25°C. 

The participant was asked to push against a wall us- 
ing maximum force, and then myoelectrical signal of the 
maximal voluntary contraction (MVC) was measured in 



the gastrocnemius muscle. 

Prior to an electrode placement, the skin was shaved 
and cleaned with alcohol, in order to minimize the im- 
pedance. 

The surface electrodes (Delsys Inc., Boston, USA) 
were placed at the Medial GCM Muscle belly, as recom- 
mended by SENIAM (Surface Electromyography for Non- 
Invasive Assessment of Muscle). 20 

We have fixed the location of the chair, suitable for the 
leg length, in order to contact the resistant wall with the 
foot of participants and not allowing the foot to move, 
while ankle plantar flexion. Further, we have instructed 
the participants not to put stress on the shoulder, trunk 
and thigh, as well as to keep the knee fully extended. A 5 
min warm-up, consisting of gradually and increased iso- 
metric plantar flexion, was performed first, followed by a 
5 min rest period. 



w 



Rest 
5 min 



MVC 



Submaximal isometric contraction 



Rest 
5 min 




Duration (sec) 




Fig. 2. Experimental design for measurement of fatigability. (A) Experimental protocol. After a 5 min warm up (W) 
exercise and a 5 min rest period, the maximal voluntary contraction (MVC) of plantar flexion was evaluated. Three 
full plantar flexion (C) efforts of 3 s duration were performed, separated by 10 s rest (R) periods. Next, after a 5 min 
rest period, the subject was required to maintain a submaximal isometric plantar flexion at 40% of the MVC until 
exhaustion (E). (B) Apparatus used for determination of MVC (1) and submaximal isometric contraction (2) of plantar 
flexor muscles. (1) Subjects were strapped in a sitting position on an examination chair and performed plantar flexions 
in the right limb at full force. (2) Assessments of the maintenance of fixed submaximal force output were performed on 
the same apparatus, but with plantar flexion in both limbs. Subjects observed their efforts on a digital voltmeter and 
attempted to maintain the output from the wall as close as possible to 40% of MVC. 
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Voluntary isometric contractions of the plantar flexor 
was assessed, using a conventional isometric strength- 
testing chair, where the participants were seated in an 
upright position with the back supported, both hip and 
ankle joint angled at 90 degrees and with the knee fully 
extended (0°) to ensure that the gastrocnemius was con- 
tributed significantly to the plantar flexor joint move- 
ment. Participants were firmly secured with the straps, 
which fastened at the waist, trunk and the distal part of 
the thigh. 

Prior to submaximal contractions, maximal isometric 
strength was determined by having the participants per- 
form three maximal voluntary contractions of the plantar 
flexor, each of the 3 s duration, and with 10 s rest between 
each contraction. The highest value was recorded as the 
participants'maximal strength (Fig. 2-B1). 21 

EMG signals were amplified and digitized (bandwidth 
of 10-2,000 Hz) sampling rate of 1,024 Hz using a four- 
channel portable system of EMG amplifiers, connected 
in parallel QEMG-4 system, LXM3204 (Laxtha, Daejeon, 
Korea). The raw EMG signal was full wave rectified and 
high-pass filtered with a cutoff of 20 Hz, using the Teles- 
can 2.89 software program (Laxtha, Daejoen, Korea). 

EMG amplitude of each signal of the GCM, during plan- 
tar flexion, was quantified as the root-mean-square (RMS) 
value. The maximal value of the averaged RMS represents 
a muscle activity under 100% maximal voluntary contrac- 
tions. RMS value was used to assess the extent of recruit- 
ment of the motor units, and was used as the reference 
to calculate the target force for the fatiguing contraction 
test. 

Next, after a 5 min rest period, subjects were required 
to maintain an isometric submaximal plantar flexion, at 
40% of the MVC, until exhaustion. 

The participants were seated in a chair and asked to 
plantar flexion with both feet, pushing as hard as they 
could against the wall. 

The fatiguing contraction was performed at a target 
force of 40% of the maximal voluntary contraction level 
(MVC). 19,22 The subject was required to match the target 
vertical force, as displayed on the monitor, and was ver- 
bally encouraged to sustain the force for as long as pos- 
sible (Fig. 2-B2). 

The fatiguing contraction was terminated when the 
force dropped below 95% of the target level (40% MVC) 
for more than 5 s, despite strong verbal encouragement. 
When this occurred, the subject was deemed to have 



reached exhaustion, and the duration of the contraction 
was recorded as the endurance time. 

We measured the mean frequency change of the sub- 
maximal isometric contraction (40% MVC) during a 2 
min period to evaluate the muscle firing pattern during 
the same time period across the ACE genotypes. The 
mean frequency was recorded every 10 s, then the mean 
frequency of the initial 20 s and the last 20 s were aver- 
aged. The mean frequency change was calculated by 
taking the last value from the initial value of the mean 
frequency. 

Measurement of usual physical activity: The physical 
performance level of the elderly can be various, accord- 
ing to physical condition, spare time and so on. Accord- 
ingly, the body composition, muscular strength and 
muscle endurance can be changed. This research uses 
the Korea-Physical Activity Scale for the Elderly (K-PASE) 
for evaluating the physical performance level of the sub- 
jects. Because of K-PASE is a proven measurement tool 
concerning the reliability and validity. 23 

And it can be a more precise evaluation of the physical 
performance level of the elderly. 

Statistical analysis: All analyses were conducted us- 
ing the SPSS statistical software Version 12.0 (SPSS Inc., 
Chicago, USA). Data collected through the research are 
presented as the meanststandard deviation. Data of 
ACE activity, endurance time, handgrip strength and 
the mean frequency change, across the three genotype 
groups, were analyzed using Kruskal-Wallis test, non 
parametric test. When the test proved a significant differ- 
ence in the mean value, multiple comparisons between 
two groups (II vs. ID, ID vs. DD, II vs. DD) were done by a 
Mann-Whitney test and Bonferroni correction (Post-hoc 
test). On Bonferroni correction, p<0.0167 (0.05/3) was 
considered statistically significant. In all cases, except 
this, p<0.05 was considered statistically significant. There 
were tested in order to analyze the correlation between 
the variables (physical activity, body composition, en- 
durance time, handgrip strength and MF change), using 
a Spearman rank test. 

RESULTS 

The subjects participated in this study were total of 49 
persons, aged 65 years-old (26 males and 23 females). 
The distribution of ACE genotypes appeared to be similar 
between males and females. The genotype distributions 
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Table 1. Proportion of the Different ACE Genotypes 





Male 


Female 


Total 


II 


8 (30.7%) 


7 (30.4%) 


15 (30.6%) 


ID 


12(46.1%) 


10 (43.5%) 


22 (44.9%) 


DD 


6(23.1%) 


6(26.1%) 


12 (24.5%) 


Total 


26 


23 


49 



were ID (44.9%), II (30.6%), and DD (24.5%) (Table 1). 

ACE gene polymorphism and Physical characteristics 

The body measurements of the whole subjects were 
162.1±9.7 cm (average height) (mean± S.D.), 63.1±11.3 kg 
(weight), 26.9±5.3% (body fat percent), 39.2±11 kg (mus- 
cle mass), and 23.9±2.3 kg/m 2 (BMI). The subject's physi- 



Table 2. Physical Characteristics and Muscle Function of the Different ACE Genotypes 


(mean+SD) 






II (n=15) 


ID (n=22) 


DD (n=12) 


p -value 


Anthropometry 


Height (cm) 


157.7±9.3 


162.6+8.4 


171.4111.2 


0.248 




(M: 161.6±6.9) 


(M: 168.415.5) 


(M: 175.213.7) 






(F: 152.7±7.2) 


(F: 153.3+3.7) 


(F: 166.1+1.4) 




Weight (kg) 


58.9±9.9 


63.8+11.4 


73.4111.3 


0.170 




(M: 62.1±6.1) 


(M: 69.919.4) 


(M: 78.9+2.4) 






(F: 54.7±10.9) 


(F: 53.915.6) 


(F: 57.117.7) 




Body fat percentage (%) 


28.2±4.5 


26+5.4 


27.1+6.2 


0.392 




(M: 28.7±3.8) 


(M: 24.614.1) 


(M: 22.2+2.5) 






(F: 27.6±5.7) 


(F: 27.916.5) 


(F: 32.1+4.6) 




BMI (kg/m 2 ) 


23.711.8 


23.712.7 


24.4+2.1 


0.725 




(M: 23.7±1.5) 


(M: 23.612.4) 


(M: 25.1+1.0) 






(F: 23.113.4) 


(F: 22.512.6) 


(F: 24.0+3.2) 




Muscle mass (kg) 


38.5111.1 


38.4+12.3 


41.6110.6 






(M: 45.8+6.6) 


(M: 47.218.3) 


(M: 51.3+2.8) 






(F: 27.6+5.7) 


(F: 27.816.5) 


(F: 32.1+4.6) 




Muscle Strength 


Grip strength (kg) 


27.4+8.2 


32.4+8.2 


31.119.9 


0.195 




(M: 31.8+5.1) 


(M: 34.816.3) 


(M: 37.2+3.5) 






(F: 25.2+8.3) 


(F: 27.817.8) 


(F: 22.3+1.4) 




Muscle endurance* 


Duration (sec) 


358.1+85.1 


226.4175.5 


216.5+78.2 


0.001 




(M: 377.2+169.5) 


(M: 222.2+79.8) 


(M: 209.8+75.7) 






(F: 339.1+139.5) 


(F: 233.8174.4) 


(F: 230.1198.9) 




Mean frequency change (Hz/sec) 


0.7+0.4 


0.9+0.3 


1.210.2 


0.031 




(M: 0.7+0.42) 


(M: 0.9310.38) 


(M: 1.31+0.29) 






(F: 0.85+0.47) 


(F: 0.9610.44) 


(F: 1.0810.22) 




ACE activity* 


(U/L) 


30.714.6 


37.1+10.8 


45.318.2 


0.001 




(M: 31.7+3.4) 


(M: 40.6+10.0) 


(M: 43.8+7.9) 


0.026 




(F: 29.3+6.0) 


(F: 32.1110.4) 


(F: 46.818.9) 


0.040 


Physical activity 


K-PASE (score) 


196.8+100.6 


209.31126.7 


169.8187.1 


0.787 




(M: 222.3+112.5) 


(M: 232.31141.7) 


(M: 119.5+64.3) 






(F: 158.7+71.8) 


(F: 196.41112.3) 


(F: 193.1187.7) 
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ACE genotype 



cal characteristics upon the ACE gene polymorphism 
were not different with statistical significance (Table 2). 
There was no difference between the genders (p>0.05). 

ACE activity and muscle strength 

Muscle strength was evaluated indirectly by the hand- 
grip strength. Further, the handgrip strength for the 
II, ID, and DD genotypes were 27.4+8.2, 32.4+8.2, and 
31.1±9.9 kg, respectively (Table 2, Fig. 3-C). The variables 
and handgrip strength were compared using a Spearman 
rank test. There were no interrelation between the hand- 
grip strength and ACE activity (p>0.05) (Table 3). The 
handgrip strength were correlated to height, body weight, 
muscle mass and BMI (p<0.05). Furthermore, ANCOVA 
test (covariate is determined height, weight, muscle mass 
and body fat percent) was performed to compare with 
the handgrip strength of the three groups, to minimize 
the differences of influence of the body composition on 




ACE genotype 



Fig. 3. Muscle endurance and handgrip strength in 
different ACE genotypes in the whole group. 

the handgrip strength. As a result, the handgrip strength, 
upon ACE gene polymorphism, did not show a statisti- 
cally significant difference (p>0.05) (Table 4). 

ACE activity and Muscle endurance 

Using a dynamic EMG, we averaged the initial 20 s and 
the last 20 s mean frequency change during the 2 min pe- 
riod of 40% MVC. The mean value of the mean frequency 
change was 0.95 Hz, and the mean contraction time was 
267.6 sec. Between the ACE activity and muscle fatigabil- 
ity, there was interrelation by Spearman rank test (p<0.05) 
(Table 3). 

ACE gene polymorphism and ACE activity 

There were statistical differences in serum ACE activity 
in relation to ACE genotype (DD=45.3±8.2, ID=37.1±10.8, 
11=30. 7±4. 6 U/I). Also, there was a difference between the 
gender (p<0.05) (Table 2). 
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Fig. 4. Endurance time and frequency change according to ACE polymorphism in the gender division. There was a 
significant difference between the 3 ACE genotypes by Kruskal-Wallis test (Endurance time: p=0.001, frequency change: 
p=0.031). The endurance time of the II genotype was significantly longer than that of the DD genotype in males alone, 
and in all subjects together (p<0.05/3) (A, C, E). The frequency change of the DD genotype was significantly greater 
than that of the II genotype in males alone, and in all subjects together (p<0.05/3) (B, D, F). However, frequency change 
in the ID genotype was not statistically different from the II and DD genotypes, although the median value was different 
among the 3 genotypes. Data are presented as box-plots, where the horizontal line represents the median value. 



ACE gene polymorphism and muscle endurance 

Endurance time and frequency change were compared 
among the three groups, defined by the ACE gene's poly- 
morphism. As a result, there was a significant difference 
between DD and II, but no statistical difference was 
observed between II and ID, as well as, ID and DD. How- 
ever, in the comparison of the average value, it showed 
the tendency to get greater frequency change and to 
get shorter endurance time, in the order of II, ID and 
DD genotype (Fig. 4-E, F) (Table 2). In the gender divi- 



sion, there were significant differences of the frequency 
change and endurance time on the male subject group, 
as the whole group. However, there were no statistical 
difference on the female subject group (only showed the 
tendency on the comparison of average value) (p>0.05) 
(Fig. 4). 

ACE gene polymorphism and K-PASE 

The K-PASE score for the II, ID, and DD genotypes were 
196.8±100.6, 209.3±126.7, and 169.8±87.1, respectively. 
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Fig. 4. Continued. 



The physical performance level (described by K-PASE 
score), upon the ACE gene polymorphism, were not dif- 
ferent with statistical significance (Table 2). The physi- 
cal performance level were not correlated to the grip 
strength, the mean frequency change, endurance time 
and muscle mass (p>0.05). 

DISCUSSION 

This study has significance in that it is the first study 
to show a relationship between the ACE activity across 
the ACE genotypes and muscle endurance by quantify 
muscle fatigability, objectively, using a dynamic EMG in 
the elderly of the same age. 

In addition, this is the comprehensive study to analyze 
the difference of the muscular function and body com- 
position, according to the ACE activity, as well as the ACE 
genotype. 

Although, the frequencies of the ACE ID alleles vary 
considerably in the midst of different races, recent pre- 
vious studies had reported that it was ID, II, and DD, 
in order. In the present study, the frequencies for II, ID 
and DD genotypes of the ACE gene were 30.6%, 44.9% 
and 24.5%, respectively, and thus, ID type is the most 
common, followed by II and DD type in Korean popula- 
tion. This finding was not different from the previously 
reported studies. As compared according to the sex, the 
frequencies for II, ID and DD genotypes were ID 43.5%, 
II 30.4%, and DD 26.1% in men, and were ID 46.1%, II 



30.7%, and DD 23.1% in women, as the same order (Table 

In this study, the ACE activity and handgrip strength did 
not have significant association, but the ACE activity and 
endurance time, as well as the mean frequency change 
showed a statistic association, regardless of the sex. 

In addition, since the ACE activity differs according to 
the ACE genotype, we try to find out whether the mus- 
cular strength and muscular endurance are different ac- 
cording to the different ACE genotypes. 

Grip strength, as an indicator of muscle strength, was 
not significantly different across the three genotype 
groups in both genders. 

As an indicator of muscle endurance, endurance time 
was significantly longer, and the mean frequency change 
was less in II genotype than that of DD genotype, ana- 
lyzed separated by men and women. 

In the gender division, there were same results on the 
male subject group, as the analysis of the whole group. 
But it showed only the tendency on the comparison of 
average value on the female subject group (Fig. 4). In 
conclusion, the II type showed a lower ACE activity than 
the DD type, and it had similar muscle strength. But II 
type showed superior muscle endurance than DD type. 

In II genotypes, the muscle strength was not significant- 
ly different, but the muscle endurance was significantly 
superior and ACE activity was lower, in comparison to 
the DD genotypes. 

Previous epidemiologic studies pointed out that the 
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Table 3. Spearman Rank Correlation Coefficient of Independent Factors 




ACE 
activity 


Grip 
strength 


Weight 


Height 


Muscle 
mass 


Body fat 
percent 


MF 

K-PASE Duration . 

change 


ACE activity 


Grip strength 


0.006* 
(0.97)* 














Weight 


0.428 ** 
(0.00)* 


0.685 ** 
(0.00)* 












Height 


0.270* 
(0.06)* 


0.781 1 ** 
(0.00)* 


0.841 
(0.00)* 










Muscle mass 


0.271* 
(0.06)* 


0.667 ** 
(0.00)* 


0.853 ** 
(0.00)* 


0.831** 
(0.00)* 








Body fat percent 


0.112* 
(0.44)* 


0.373*** 
(0.00)* 


-0.072* 
(0.63)* 


-0.445*** 
(0.00)* 


-0.165* 
(0.25)* 






K-PASE 


-0.064* 
(0.66)* 


-0.034* 
(0.81)* 


-0.137* 
(0.35)* 


0.033* 
(0.08)* 


0.023* 
(0.87)* 


-0.161* 
(0.26)* 




Duration 


-0.306** 
(0.04)* 


-0.269* 
(0.06)* 


-0.094* 
(0.53)* 


-0.106* 
(0.47)* 


0.040* 
(0.78)* 


0.044* 
(0.76)* 


0.268* 
(0.06)* 


MF change 


0.649*** 
(0.00)* 


0.008* 
(0.95)* 


0.186* 
(0.21)* 


0.110* 
(0.46)* 


0.066* 
(0.65)* 


-0.047* 
(0.74)* 


0.115* -0.289** 
(0.43)* (0.04)* 



"Significant level: 0.01 (both) 
*Significant level: 0.05 (both) 
Correlation coefficient, *p-value 



Table 4. Comparison of Grip Strength across Genotype 





II 


ID 


DD 


F 


p-value 


Total 


(N=15) 30.5±6.6 


(N=22)31.9±7.6 


(N=12) 30.5±8.1 


3.072 


0.097 


Male 


(N=8)31.8±5.1 


(N=12) 35.9±4.8 


(N=6) 37.2±3.5 


0.339 


0.578 


Female 


(N=7) 26.9±8.5 


(N=10) 27.0±7.7 


(N=6) 22.5±1.3 


0.805 


0.271 



p<0.05 , All values were meantstandard deviation 

The grip strength was compared across the genotypes by using ANCOVA analysis with body weight, height, muscle 
mass and body fat percent as a covariate 



presence of the I allele gives rise to lower the ACE activ- 
ity in the serum, whereas, those individuals with the DD 
allele typically have higher circulating and endogenous 
ACE levels. 24 

This trend remains significant across the three genotype 
groups in this study, as well. 

In the present study, only the upper limb muscle 
strength was measured, using a handgrip dynamometry. 
Handgrip dynamometer had been used as a precise and 
consistent method for the measurement of one's muscle 
strength. 

However, because the previous studies had shown 
strong and significant correlations and similar pattern 



of the muscle strength loss between the upper and lower 
limbs, it can be used as a surrogate to generalize the 
muscle function of the whole body. 5 ' 16 ' 17 We have con- 
cluded that no clear association was observed between 
the muscle strength and ACE genotypes or activity, as to 
several previous studies. 25,26 

However, the other previous investigators had suggested 
that DD genotype with higher ACE activity have greater 
strength/power at high velocities than II, ID genotypes, 24 
because the D allele stimulates the skeletal muscle hy- 
pertrophy. 4 A possible explanation for that discrepancy 
may be related to the bias, which is derived from many 
factors, such as the duration and velocity of contraction, 
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the thickness of subcutaneous tissue, muscle length and 
fiber-type, gender, age, motor recruitment, neurological, 
endogenous and psychological events. 

In this study, muscle endurance was estimated that 
measured the duration time of the muscle contraction 
and muscle fatigue, upon the ACE genotype like the pre- 
vious study. 27,28 

Failure to maintain the required or expected force, 
defined as muscle fatigue, 29 is accompanied by the shift 
toward the lower frequencies of the surface myoelectric 
signal power spectrum. 13 The lower EMG power spec- 
trum shift, during fatigue, is considered to be related to 
the biochemical by-product accumulation (H+ and lactic 
acid) in the muscle, which changes the potential conduc- 
tion velocity, increased firing rate, and/or synchroniza- 
tion of motor, and additional recruitment of motor units. 

The build-up of lactic acid during glycolysis in muscle 
contraction contributes to the delayed repolarization 
period, and thus, the refractory period is longer. Conduc- 
tion velocity of action potential and change of the mean 
frequency decreases, as the inter-depolarization interval 
increases. Overall, the changes in motor unit conduc- 
tion velocity, firing rate, recruitment, and synchroniza- 
tion may jointly interact to frequency shift of the power 
spectrum toward lower frequencies as fatigue progresses. 
Further, the degree of frequency shift is influenced by 
the muscle properties, duration and strength of contrac- 
tion. 13 By the way, in muscles with a high proportion of 
fast-twitch (type II) fibers being more fatigable, the mean 
frequency change will be greater, as more lactic acid is 
accumulated. 30 

As muscle fatigue was measured with the rate of change 
in the mean frequency, according to time and the mean 
frequency slope (change/min) in the previous study, 31,32 
our study tried to estimate the muscle fatigue by a change 
in the mean frequency for 20 seconds of the beginning 
and end of submaximal voluntary contraction for 2 min- 
utes. This study needed to set up the section for measur- 
ing the change within the same contraction time, and 
minimum value of the recorded endurance time was 121 
seconds. Therefore, we decided 2 minutes by section. 

The electromyographic parameter obtained, using sur- 
face EMG, can differ from position of electrode and in- 
dividual characteristics, like subcutaneous fat or muscle 
condition. Therefore, MVC was measured for marking 
the relative electromyographic value. 13 In addition, this 



value was considered as the maximum activity of electro- 
myelography gained by spontaneous maximum muscle 
contraction. 21 It was measured as the duration time of the 
muscle contraction by calculating 40% MVC. 

In the previous studies concerning the isometric 
muscle contraction, MVC target level was various as 15- 
8Q% 33,34 in p resent study, we set up a 40% MVC as 
the target level to reduce the further any potential bias. If 
MVC target level were so high, the endurance time would 
be shortened, and the change of the mean frequency 
decreased, so that the result would not be statistically sig- 
nificant. 35 In contrast, if MVC target level was so low, the 
endurance time would be lengthened, then the attention 
of the subject to the test is decreased, and the occurrence 
of error might be a possibility. 

Our results confirmed significant differences in muscle 
fatigability between the DD and II groups, but not be- 
tween II and ID or between ID and DD. However, we 
showed positive trends to get greater frequency change 
and to get shorter endurance time, in the order of II, ID 
and DD genotypes. 

Because the DD type has a relatively higher propor- 
tion of fast-twitch fibers than II type, The DD type with 
the biggest mean frequency change might have less re- 
sistance to muscle fatigue than II type. In other words, 
it means that the DD type has lower muscle endurance 
than that of II. On the contrary, the II genotype is also 
associated with more slow-twitch fibers, which are more 
efficient. This may be a mechanism for the tendency to 
get longer endurance time of muscular contraction in II 
genotype. 

Nevertheless, it has been suggested that the ACE geno- 
type is related to both muscle endurance and strength, in 
the previous studies. Why is the ACE genotype associated 
with not the muscle strength, but only the muscle endur- 
ance in our study? The reasons are far from clear-cut, 
but we presume that the muscle endurance, rather than 
muscle strength, was more affected by genetic factors, 
especially in the elderly, because older people have rela- 
tively higher proportion of slow-twitch fibers compared 
to younger people, regardless of ACE genotypes, as in- 
creasing age is accompanied by a greater loss of contrac- 
tile material of fast-twitch type than that of slow-twitch 
type fibers. 11 

To our knowledge, there has been no other study, ex- 
cept this study, which aimed at the evaluation of the as- 
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sociation among the ACE polymorphism, ACE activity 
and muscular endurance by an objective quantification 
of the muscle fatigability. 

Also, this study has significance in terms of trying to 
postulate the effect of the ACE genotypes on muscle 
strength through the grip strength and body composition, 
alongside the muscle fatigability. Further, the correlation 
between the ACE genotypes and physical performance 
level was examined. In this way, it was considered that 
our study is significant as a multiple -dimensional model. 

However, there are several limitations in the interpre- 
tation of the result in this study. First, the subjects who 
participated in the research were relatively small in num- 
bers. Therefore, these results cannot be reflect the char- 
acteristics of the general population. In addition, due 
to the limitations of a sample size, the nonparametric 
statistics were used. Even though this study shows similar 
results from that of the earlier studies, there were some 
limitations on its statistical significance. 

Secondly, the ACE activity measured by this study was 
ACE levels of the circulating blood. Therefore, it can dif- 
fer from that of the ACE activity inside the real skeletal 
muscle. Angiotensin II, affecting at the skeletal muscle 
through venous by locally produced blood, had a greater 
influence than the systemic circulation. Therefore, be- 
cause of the ACE level on the local skeletal muscle had 
more significant effect on the muscle endurance and 
strength, 36 we need to further investigate the evaluation 
of the ACE activity on skeletal muscle by muscle biopsy. 

Thirdly, the serum calcium, phosphorus, and magne- 
sium, which have an effect on the muscular endurance, 
was not considered in the present study. 

Finally, because this study is targeted at the 65-years- 
oldpeople, it can become an advantage of this research, 
owing to exclude the effect of age on muscle function. 
But at the same time, it is the limit that there is no com- 
parison with the other age groups. 

CONCLUSION 

In this study, the muscle fatigue and endurance time, 
using a handgrip strength and surface EMG, was mea- 
sured in order to examine how the ACE activity on ACE 
gene polymorphism is likely to affect the muscle strength 
and muscle endurance among the healthy 65-year-old 
people. There was a significantly difference of ACE activi- 



ty and muscle endurance. ACE activity on the whole sub- 
ject was higher DD type than II type. Endurance time was 
compared among the three groups, defined by the ACE 
gene's polymorphism. As a result, there was a significant 
difference between DD and II, but no statistical differ- 
ence between II and ID, as well as ID and DD. It showed 
the tendency to get longer muscle endurance time in 
order, DD, ID and II genotype. Therefore, the muscle 
endurance was superior in the II type than DD type. The 
muscle strength was not statistically different among the 
three groups (II, ID, DD genotype), regardless of gender. 
The difference between the body composition and physi- 
cal performance level upon ACE gene polymorphism 
were not statistically significant. 

ACKNOWLEDGEMENTS 

This research was supported by Basic Science Research 
Program through the National Research Foundation of 
Korea (NRF) funded by the Ministry of Education, Sci- 
ence and Technology (grant number 2010-0003078). 

REFERENCES 

1. Rankinen T, Bray MS, Hagberg JM, Perusse L, Roth 
SM, Wolfarth B, Bouchard C. The human gene map for 
performance and health-related fitness phenotypes: 
the 2005 update. Med Sci Sports Exerc 2006; 38: 1863- 
1888 

2. Myerson SG, Hemingway H, Budget R, Martin J, 
Humphries S, Montogmery H. Human angiotensin I- 
converting enzyme gene and endurance performance. 
JAppl Physiol 1999; 87: 1313-1316 

3. Nazarov IB, Woods DR, Monthomery HE, Shneider 
OV, Kazakov VI, Tomilin NT, Rogozldn VA. The angio- 
tensin converting enzyme I/D polymorphism in Rus- 
sian athletes. Eur J Hum Genet 2001; 9: 797-801 

4. Woods D, Hickman M, Jamshidi Y, Brull D, Vassiliou 
V, Jones A, Humphries S, Montgomery H. Elite swim- 
mers and the D allele of the ACE I/D polymorphism. 
Hum Genet 2001; 108: 230-232 

5. Vigano A, Trutschnigg B, Kilgour RD, Hamel N, Horn- 
by L, Lucar E, Foulkes W, Tremblay ML, Morais JA. 
Relationship between angiotensin-converting enzyme 
gene polymorphism and body composition, function- 
al performance, and blood biomarkers in advanced 



444 



www.e-arm.org 



The Impacts of ACE l/D Polymorphisms on Muscular Functions 



cancer patients. Clin Cancer Res 2009; 15: 2442-2447 

6. Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol 
P, Soubrier F. An insertion/deletion polymorphism in 
the angiotensin I-converting enzyme gene accounting 
for half the variance of serum enzyme levels. J Clin In- 
vest 1990; 86: 1343-1346 

7. Dietze GJ, Henriksen EJ. Angiotensin-converting en- 
zyme in skeletal muscle: sentinel of blood pressure 
control and glucose homeostasis. J Renin Angiotensin 
Aldosterone Syst 2008; 9: 75-88 

8. Alvarez R, Terrados N, Ortolano R, Iglesias-Cubero G, 
Reguero JR, Batalla A, Cortina A, Fernandez-Garcfa 
B, Rodriguez C, Braga S, et al. Genetic variation in the 
renin-angiotensin system and athletic performance. 
Eur J Appl Physiol 2000; 82: 117-120 

9. Sanders PM, Russell ST, Tisdale MJ. Angiotensin II di- 
rectly induces muscle protein catabolism through the 
ubiquitin-proteasome proteolytic pathway and may 
play a role in cancer cachexia. Br J Cancer 2005; 22: 
425-434 

10. Greenlund LJ, Nair KS. Sarcopenia-consequences, 
mechanisms, and potential therapies. Mech Ageing 
Dev2003; 124: 287-299 

11. Nair KS. Aging muscle. Am J Clin Nutr 2005; 81: 953- 
963 

12.Sumukadas D, Struthers AD, McMurdo ME. Sarco- 
penia-a potential target for Angiotensin-converting 
enzyme inhibition? Gerontology 2006; 52: 237-242 

13. Basmajian JV, De Luca CJ. Muscles alive-their func- 
tions revealed by electromyography, 5th ed, Balti- 
more: Williams & Wilkins, 1985, 201-220 

14. AU A, Vasudevan R, Ismail P, Thiam Seong CL, 
Chakravarthi S. Analysis of insertion/deletion poly- 
morphisms of the angiotensin converting enzyme 
gene in Malaysian end-stage renal disease patients. J 
Renin Angiotensin Aldosterone Syst 2011; 18: 1-7 

15. Kasahara Y, Ashihara Y. Colorimetry of angiotensin-1 
converting enzyme activity in serum. Clin Chem 1981; 
27: 1922-1925 

16. Rantanen T, Era P, Kauppinen M, Heikkinen E. Maxi- 
mal isometric muscle strength and socioeconomic 
status, health, and physical activity in 75-year-old 
persons. J Aging Phys Act 1994; 2: 206-220 

17. Vandervoort AA, Hayes KC, Belanger AY. Strength and 
endurance of skeletal muscle in the elderly. Physio- 
therapy Canada 1986; 38: 167-173 



18. Wilder RP, Greene JA, Winters KL, Long WB 3rd, 
Gubler K, Edlich RF. Physical fitness assessment: an 
update. J Long Term Eff Med Implants 2006; 16: 193- 
204 

19. Nordez A, Guevel A, Casari P, Catheline S, Cornu C. 
Assessment of muscle hardness changes induced by 
a submaximal fatiguing isometric contraction. J Elec- 
tromyogr Kinesiol 2009; 19: 484-491 

20. Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. 
Development of recommendations for SEMG sensors 
and sensor placement procedures. J Electromyogr Ki- 
nesiol 2000; 10: 361-374 

21. Jun AY, Choi EH, Yoo YS, Park DS, Nam HS. The activi- 
ties of trapezius and deltoid in rotator cuff tear pa- 
tients injected local anesthetics in subacromial space. 
J Korean Acad Rehab Med 2010; 34: 316-324 

22. Mademli L, Arampatzis A. Behaviour of the human 
gastrocnemius muscle architecture during submaxi- 
mal isometric fatigue. Eur J Appl Physiol 2005; 94: 611- 
617 

23. Choe MA, Kim J, Jeon MY, Chae YR. Evaluation of the 
Korean version of physical activity scale for the elderly 
(K-PASE). Korean J Women Health Nurs 2010; 16: 47- 
59 

24. Jones A, Montgomery HE, Woods DR. Human perfor- 
mance: a role for the ACE genotype? Exerc Sport Sci 
Rev 2002; 30: 184-190 

25. Frederiksen H, Gaist D, Bathum L, Andersen K, Mc- 
Gue M, Vaupel JW, Christensen K. Angiotensin I-con- 
verting enzyme (ACE) gene polymorphism in relation 
to physical performance, cognition and survival--a 
follow-up study of elderly Danish twins. Ann Epide- 
miol 2003; 13: 57-65 

26. Tobina T, Ayabe M, Yoshitake Y, Kimura Y, Miyazaki 
H, Ishii K, Zhang B, Saku K, Shindo M, Kiyonaga A, et 
al. Relationship between angiotensin converting en- 
zyme gene I/D polymorphism and muscle strength in 
elderly. International Journal of Sport and Health Sci- 
ence 2006; 4: 460-464 

27. Laforest S, St-Pierre DM, Cyr J, Gayton D. Effects of 
age and regular exercise on muscle strength and en- 
durance. Eur J Appl Physiol Occup Physiol 1990; 60: 
104-111 

28. Ng JK, Richardson CA. Reliability of electromyograph- 
ic power spectral analysis of back muscle endurance 
in healthy subjects. Arch Phys Med Rehabil 1996; 77: 



www.e-arm.org 



445 



Hyeon-Jung Kang, et al. 



259-264 

29. Edwards RH. Human muscle function and fatigue. 
Ciba Found Symp 1981; 82: 1-18 

30. Tesch PA, Komi PV, Jacobs I, Karlsson J, Viitasalo JT. 
Influence of lactate accumulation of EMG frequency 
spectrum during repeated concentric contractions. 
Acta Physiol Scand 1983; 119: 61-67 

31. Mannion AF, Dolan P. Electromyographic median fre- 
quency changes during isometric contraction of the 
back extensors to fatigue. Spine 1994; 19: 1223-1229 

32. Merletti R, Roy S. Myoelectric and mechanical mani- 
festations of muscle fatigue in voluntary contractions. 
J Orthop Sports Phys Ther 1996; 24: 342-353 

33. Hagberg M. Muscular endurance and surface electro- 
myogram in isometric and dynamic exercise. J Appl 



Physiol 1981; 51: 1-7 

34. Fuglevand AJ, Zackowski KM, Huey KA, Enoka RM. 
Impairment of neuromuscular propagation during 
human fatiguing contractions at submaximal forces. J 
Physiol 1993; 460: 549-572 

35. Garg A, Hegmann KT, Schwoerer BJ, Kapellusch JM. 
The effect of maximum voluntary contraction on en- 
durance times for the shoulder girdle. International 
Journal of Industrial Ergonomics 2002; 30: 103-113 

36. Saris JJ, van Dijk MA, Kroon I, Schalekamp MA, 
Danser AH. Functional importance of angiotensin- 
converting enzyme-dependent in situ angiotensin II 
generation in the human forearm. Hypertension 2000; 
35: 764-768 



446 



www.e-arm.org 



